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Abstract
Session 3 of the Chamonix X workshop looked at our
present knowledge of the impedance sources in the SPS
and the efforts being made to remove, reduce or control
these impedances.
1 MOTIVATION
 Two new projects are pushing the demands made on
the SPS machine higher and higher. The SPS for LHC
project requires beams with very high local intensity and
excellent beam quality while the CNGS project will need
a very high total intensity in the machine. Beams with
high local or total intensities interact with the machine
impedance and can lead to direct component degradation
by heating or arcing. Also this interaction can lead, via
the induced fields, to degradation of the beam by
producing particle loss or emittance blow-up. The first
task to improve matters is to identify the sources of
impedance in the machine. When these are known they
can hopefully either be physically removed from the
machine, reduced in magnitude by shielding or damping,
or actively controlled by feedback.
2  TALKS
The following talks were presented during the session.
1. Present knowledge of the longitudinal SPS impedance.
E. Shaposhnikova
2. Measurements of coherent tune shifts and head-tail
growth rates. M. Zorzano Mier
3. Transverse instabilities. K. Cornelis
4. Kicker impedance, measurements and simulations. F.
Caspers
5. Reducing the impedance of the TWC: Feedforward and
one-turn feedback. P. Baudrenghien
6. Active feedback for curing the transverse resistive wall
instability in the SPS. W. Hofle
 3  PRESENT KNOWLEDGE OF THE
IMPEDANCE
 For impedances with high quality factor, Q, the sources
come mainly from the higher order modes in cavities and
are identified using impedance measurements in the lab,
impedance calculations, or via the frequency spectrum on
the unstable beam. A large number of these has been
found and documented, but some causing instability on
the beam are still unknown. With a bunched beam the
intepretation of the measurements is difficult due to the
repetition of the unstable lines at each multiple of the
bunch frequency. It has been shown that if the envelope
of all these unstable lines peaks at f
max





(1). This has helped pick
out one frequency causing instability at ~1 GHz, the
source of which has however not yet been identified. It
could be a HOM resonance in the travelling wave cavities
(1) or perhaps a resonance in the many closed orbit
monitors (6).
 Sources having a high R
sh/Q and low Q have also been
identified and described previously. Here the technique
used is to observe the spectrum of unstable modes on a
single bunch injected into the machine. The sources are
the cavities, the pumping ports and the magnetic septa,
the latter around 400 MHz. Results of threshold
measurements suggest that not all the 400 MHz sources
have yet been found (1).
 The main contributors to the longitudinal low
frequency inductive component seem to be known (1). In
the transverse plane, although global estimates are well
established (2), the only indication of a significant source
comes from the phase advance measurement around the
machine as a function of intensity and is the kicker
system (3).
 
 4 REDUCING THE IMPEDANCE
 
 4.1 Removing elements
 
 After the closure of LEP, the lepton accelerating
cavities, as well as all other lepton dedicated equipment,
can be removed from the machine. The remaining
cavities will be the 200 MHz and 800 MHz travelling
wave cavities (TWC). The higher order pass-bands in
these cavities up to ~1 GHz have been passively damped.
As the intensity increases the impedance at even higher







 4.2 Shielding elements
 
 x Pumping ports.
 Good RF/mechanical solutions have been found for the
moveable shields to be inserted in the many pumping
ports around the machine. Installation has started during
the 1999/2000 shutdown - 20% of the ports should be
shielded by the end of this shutdown.
 
 x Septa.
 Of the 16 MSE/MST septa, 13 will be shielded by the
end of the 1999/2000 shutdown. The remaining septa will
be shielded next shutdown.
 
 4.3 Active damping
 
 x TWC
 The impedance of the fundamental pass-band of the
TWC must be strongly damped to lower beam loading
transient effects and maintain beam stability. Preliminary
tests with one turn feedback and feed-forward combined
are very encouraging and suggest that the original
specifications for the impedance reduction should be met.
The present design foresees 4 cavities of 4 sections each
(power considerations) each with its own feedback and
feed-forward. The electronics should be ready during this
year while the changes to cavity length will occur during
the 2000/2001 shutdown (5).
 At very high intensities it is possible that the impedance
at certain frequencies in the pass-band where the power
amplifier is ineffective may cause instability. In this case
an elegant solution is to have one cavity with different
length, 3 or 5 sections, and cross-couple the feedback
systems between the different cavities (5).
 
 x The Damper
 The damper works correctly for the dominant resistive
wall mode provided the damper pick-ups are not
perturbed by the electron cloud effect (3), (6). This latter
problem will be solved next year by going to higher
frequency. The bandwidth of the system will be upgraded
towards the final target of t 20 MHz (6). This is of
importance not only for the higher resistive wall modes
but also possibly for damping instabilities produced by
the presence of the electron cloud (3).
 There are indications (6) of high impedance at ~1 GHz




 The impedance of kickers has always been a difficult
subject generating workshops, papers and discussions.
For the MKE kicker there now seems to be some
convergence in the different estimation methods such as
the coaxial wire, computer code, or analytical (4). For the
SPS kickers, the total low frequency Z/n is ~2: (1).
 There are peaks in the impedance curve around 400
MHz (4), (is this the extra source?). Measurements in the
laboratory of the resistive part indicate that this must be
taken into account up to high frequency when calculating
heating. Heat loss measurements on a kicker in the SPS
confirm the main results and suggest that for the high
intensities envisaged for CNGS the kicker must be cooled
(4).
 From the place of maximum change in phase advance,
LSS1, a significant source of transverse impedance may
be the kickers (3).
 The computer simulation by HFSS of the model with
wire gives close agreement with the actual wire
measurement. In particular it shows a continuously
growing inductive impedance. The computer calculation
with beam however shows an impedance becoming
capacitive above several hundred MHz. This indicates an
apparent limitation to the wire method (4).
 5  MEASURING IMPEDANCE CHANGES
WITH THE BEAM
As the machine impedance changes it is important to
follow this up with measurements on the beam.
The following methods have been used to establish
references.
x Measurement of the coherent tune shift as a function
of intensity below threshold. This has been done in both
the transverse plane (2) and longitudinal plane (1) and
gives a global estimate of the low-frequency impedance.
x Measurement of instability growth rates has been
done in the transverse plane (2). This also gives an
estimation of the total impedance.
x Instability thresholds at different frequencies
corresponding to known sources have been measured in
the longitudinal plane (1). This allows targeting of the
known sources.
These three methods have been refined to the point
where it should be possible to monitor significant changes
in the machine impedance. It must be noted that all three
methods rely on reproducible beam conditions so that the
part of the frequency spectrum probed is always the same.
Good results were obtained by scraping in the PS (and
SPS).
6 RECOMMENDATIONS
x Measure the HOMs in the TWC structures at high
frequencies, >1 GHz. This measurement is complicated
by the many modes and the mixed pass-bands, but it may
be possible to separate out longitudinal and transverse
modes if not to get an estimate of the impedance value.
x Repeat the measurements on the BPH/V monitors to
confirm or deny the high impedance at ~1 GHz .
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x Try and identify the frequencies and responsible
sources of transverse impedance to create a good model
of the machine and possible remove or shield sources.
Measurements of TMC instability thresholds with leptons
in the SPS at low energy (long bunches) and high energy
(short bunches) suggest a model with Q=1, or having at
least two resonators.
As a first step one could survey all the machine
elements which are already known to give large
longitudinal impedance. In addition, in MDs, a study of
beam instabilities in the transverse plane e.g. high
intensity single bunches, varying chromaticity, using the
wide-band pick-ups, could be tried.
x The kickers should be cooled for high intensity
operation.
x The question of shielding the kickers must be
examined. The evidence of resonant impedances around
400 MHz and the possible large transverse impedance
suggest that shielding is necessary. The low frequency
longitudinal impedance budget would also benefit. On
top of this we are going to add more kickers!
Unfortunately shielding is not simple because of the
restricted aperture and probably a new kicker design
would be required.
A possible scenario for the near future is:
- Make transverse impedance measurements in
the lab. Use codes as well to get an estimate of
impedance.
- Launch a feasibility study now for a new
kicker to find out design, cost and delay.
-  If time permits, wait for the high intensity
LHC beam measurements to see if a shield is really
essential.
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